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incandescent lamps, either of the carbon or Nernst pattern, the flicker
when the lamps are supplied with current at 25 00 is imperceptible,
and even with metal filament lamps this effect is hardly noticeable.
The only lamps with which such a low frequency becomes a matter
of importance are arcs ; but as, on an alternating current, all arc lamps
are notably inefficient as compared with direct-current ones, it hardly
seems worth while changing frequency in order to make alternating
lamps effective. In some places sub-stations containing machinery
of 35,000-40,000 k.w. have been installed to change the frequency
of supply from 30 to 60, and to an impartial observer it would seem
a far better plan to have spent the money so invested in improving
the distributing system.

In conclusion, we wish to express our indebtedness to the many
engineers who were good enough to give us facilities for examining
the many stations that have been visited, in particular we would
mention Professor Herdt, of the McGill University, and engineer to
the Winnipeg scheme, and Mr. F. V. T. Lee, the engineer to the
Pacific Gas and Electric Company, of San Francisco.

DISCUSSION.

Mr. T. L. MILLER : The remarks I have to make deal more particu- Mr. Miller,
larly with the second'portion of the paper—viz., the Modern Practice
of Hydraulic Plants. Under the head of "Economic limits of Trans-
mission " the authors state that " the capital charges in connection
with hydro-electric schemes are by far the most important in determin-
ing the cost of energy," and later on they give some figures of hydro-
electric stations and transmission lines. It is, of course, difficult, it" not
impossible, to give average figures, as the conditions vary greatly. In
some cases the local conditions are so favourable that water-power can
be developed at an almost nominal cost, while in other cases unforeseen
circumstances have so enhanced the cost of development as to make
the cost of water-power greater than that of steam-power. According
to Professor Janet, the cost of water-power development in France
varies from £q'2$ to £30 per horse-power, depending on the head to
be dealt with, the lowest expenditure being upon a fall of 140 metres in
Haute-Savoie, the horse-power being calculated at the turbine shaft.

For the two stations of the Societa Idroelettrica Ligure, Milan, the
first of which will generate 28,000 H.P. with a fall of 1,150 ft., and
the second 17,500 H.P. with a fall of 625 ft., the capital cost,
including transmission lines, step-down transformers, and secondary
distribution, is estimated at slightly over ^14 per horse-power de-
veloped. For the scheme for developing the Cameron Rapids,
Ontario, Canada, the plant capacity being 16,350 H.P., the cost per
horse-power installed, including 75 miles transmission, is given as
£17 12s., and the generating and transmission expenses per horse-
power-year, including interest (4 per cent.), maintenance, and deprecia-
tion, as £1 13s. 8d. per horse-power-year. Professor S. P. Thompson
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Mr. Miller, published some figures some little time ago regarding the cost of
water-power used at Notodden for the Birkeland and Eyde nitrogen-
fixation process, from which it would appear that the present total
costs per unit amount only to o'O25d., and that at the new power
station at Svalgfos they will be but o-oi5d. per unit, equivalent to
13s. 7d. and 8s. 3d. per horse-power-year respectively. It is not clear,
however, whether their figures include interest and replacement fund
charges. As an example of a small water-power plant, I would give
the case of the Westerwick power station, South-east Sweden, where
the plant capacity is about 1,300 H.P., and the power is transmitted
9 miles, the line voltage being 10,000 single-phase. The cost of the
hydraulic construction amounted to £56 per kilowatt installed. The
cost for works (including hydraulic development) was ^9*05 per kilo-
watt, and for line ^2'6 per kilowatt, making a total cost for works and
line of ^1165 per kilowatt.

Dealing now with the modern practice, I should like to ask a
question with regard to the American practice in making the joints
in the pipes on their hydraulic power schemes. Over here we have
had one or two examples, perhaps the best known being that of the
Power Company of Snowdon. When this company first put down
the plant they used ordinary socket and spigot pipes, but it was found
that the pressure was too great and that they were unable to keep the
joints tight, and they were obliged to put in glands fixed with bolts in
order to keep the packing in. This is practically the same as the muff
joint, in which there is a special gland keeping the packing in position.
These pipes are extremely handy in that they allow certain deviations in
line, and also allow for expansion. When the pressure is not great of
course ordinary socket and spigot pipes may be used. We are carrying
out a scheme in India where flanged pipes with corrugated metal rings
are used for jointing the main line, expansion joints being placed at
intervals to allow for temperature variations. The difficulty is to put
in the closing length, for as long as the water is going through the pipe
there is little trouble from expansion, but until the water is admitted to
the pipe, the difference in expansion between day and night is often
considerable and causes a great amount of trouble.

Another, and one of the most important points, as the authors have
already stated, in the design and working of hydraulic plants is the
question of governing. Of course, where you can use the deflected
nozzle it is probably the safest method, but there are cases when,
owing to the scarcity of water, different arrangements have to be used,
so as to economise the water supply. In some governors arrangements
are made so that when the governor acts to reduce the flow of water,
a byepass is opened which allows the surplus of water to flow into the
tail race, the byepass being slowly closed so as to relieve the pipes from
shock. In many instances I believe this arrangement is relied upon abso-
lutely, but I think, in addition, relief valves should be fitted on the re-
ceiver on the main pipe-line, as in the event of the governor sticking
there is danger of serious trouble with the pipe-line. Another point in
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the construction of water-power plant is to construct the generator so Mr. Miller,
that in the event of the governor failing and the speed running up, the
generator will be able to withstand the stresses due to centrifugal force
at the high velocities attained. The members will no doubt remember
reading some months ago of the total shut down of a power station in
the States due to this cause. I was very much interested in the surge-
pipe in the diagram shown on the screen, but it appeared to me that that
surge-pipe did not protect the lower length of pipe; it might have
protected the tunnel but not the pipe-line. Of course, the adoption of
what one might call an air buffer is right enough so long as the air
supply is maintained, but unless fresh air is constantly supplied it passes
away with the water and the buffer action disappears.

The question of the poles has been raised by the author, and he
points out that America has been referred to as the home of wooden
poles. The latest development to-day is reinforced concrete poles ;
these, I believe, will be used very largely, being lighter than iron, and not
subject to the same depreciation as the wooden or iron poles. Where
wooden poles are attacked by insects reinforced concrete helps one
considerably. I would remark that we recently obtained tenders
for steel poles and towers for various spans in connection with our
Indian scheme, the poles being constructed to carry three No. 6
B. and S. wires and two No. 12 S.W.G. telephone wires, the spans
being 300 ft., 400 ft., and 900 ft. respectively. For the 300-ft. span the
pole was made up of three sections : :o£ in. outside diameter by f in.
thick for the bottom, and 8£ in. outside diameter by f in. thick for the
intermediate section, and 7^ in. outside diameter by No. 2 S.W.G. for
the top section, the price with crossarms being "̂14 15s. For the"
400-ft. span the tower was made up of 3 poles 6£ in. outside diameter
by T

3
B in. thick lower section, 5^ in. outside diameter by T\ in. thick inter-

mediate section, and 4^ in. diameter by -fV in. thick for the top section,
the poles being arranged triangular in plan and braced and constructed
so as to form a rigid structure. The cost of these was ^47 10s. each.
For the 900-f t. span the tower was made up of 4 poles arranged to form
a square on plan, each pole being 7^ in. outside diameter by £ in.
thick in the lower section, 6£ in. outside diameter by T

8^ in. thick
in the next section, 5^ in. outside diameter by T\ in. in the upper
middle section, and 4^ in. outside diameter by T

s
7 in. thick in the top

section, the poles as in the previous instance being well stayed and
strutted, the cost being £109 per pole. It will be noticed here that
while the span is increased three times, the cost is increased eight
times. It should be mentioned that these prices include galvanising
and delivery C.I.F. Calcutta. For poles and towers for similar spans
made to American designs the corresponding prices were £6%, £117,
and ^222. These figures are, I think, extremely interesting from the
point of view of the relative prices of pole towers designed for similar
conditions by American and British manufacturers, the British design
being much more substantial and very much cheaper than the corre-
sponding American designs. The factor of safety in all cases is taken
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Mr. Miller, as 5, and rigid tests were specified to be carried out on all classes of
poles before delivery.

In his recently published book on " Heavy Electrical Engineering,"
Mr. Hobart gives the figures relating to the cost of poles and towers,
from which the following has been extracted :—

COST OF POLES AND TOWERS.

Type of Construction.

Wooden pole

Steel pole ...

Steel and lower ...

Average Cost per
Pole or Tower.

£•

3

8

25

Average Span.

Feet.
I IO

23O

460

Cost per Mile.

£•
96

184

275

The price for the 400-ft. span poles is, however, considerably
lower than the tenders we have actually obtained, and I can only
assume that they are working with a very much lower factor of safety ;
however, the relative costs will probably not be far out, and the figures
are interesting, as showing the relation between span and cost of
towers.

Dealing now with the question of the lines, I find that the factor or
safety used over in the States is in many instances very much below

• what would be required in this country. For example, the maximum
permissible stress occasionally allowed in America is as high as
2,840 lbs. per square inch, this occurring when lowest temperature
(taken as —250 C.) and maximum wind pressure (about 30 lbs. per square
foot). This is slightly lower than the elastic limit, and is roughly about
half the breaking strength of hard-drawn copper. In an extremely
interesting paper read by Mr. D. R. Scholes before the American Insti-
tution of Electrical Engineers on "Transmission Line Towers," curves
are given for a 3-phase alternating-current system with conductors
0*3145 sq. in. area and 073 in. outside diameter, and spans of from
100 ft. to 1,000 ft., from which Mr. Scholes showed that the most
economical span was from 400 to 450 ft., and that the cost per 1,000 ft.
of line, including tower foundations and insulators, but excluding line,
amounted to about ^52. Of course, the figures are for lines carried out
in accordance with American practice, and would hardly be compar-
able with the requirements in this country, where the work would
require to be carried out under Board of Trade conditions, which are
more onerous.

I have been particularly struck by the diagrams shown by the
authors, some of them being of extreme interest as showing what
is permitted where engineers are allowed to go unchecked by the
restraining influence of a Government department such as the British
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Board of Trade. Indeed, looking at some of the illustrations, one Mr. Miller,
cannot help feeling that there must be a special Providence looking
after the safety of the work of American engineers in the running,
maintenance, and upkeep of some of the constructions shown.

Mr. J. S. PECK : The paper is of great interest as showing the Mr. Peck,
remarkable progress in long-distance transmission in the last few
years. Five years ago there were a number of 30,000- and 40,000-volt
transmission systems, and three or four which were operating at from
50,000 to 60,000 volts. Now the authors refer to 60,000 volts as the
standard pressure for long transmissions, and to 100,000 and 110,000
volts as high pressures. While it is true that the principal electrical
developments have been about Niagara Falls and on the Pacific Coast,
very extensive developments have been going on in the Southern
States, where there are some very large high-voltage transmission
.systems.

I think every one will agree with the authors in their statement
that 60 periods is not the most desirable frequency for long-distance
transmission, but this frequency was adopted as standard almost
before long-distance transmissions were thought of, and it would be
a very costly undertaking to alter this frequency now. Regarding
electrolytic arresters, I note that the authors state it is customary to
connect the arresters to the line every other day. This is done to make
sure that the film on the aluminium plates is kept up to its full strength,
for if the film is allowed to deteriorate, the arresters may take an
enormous current in the event of a lightning discharge.

I do not see why properly transposing the telephone line should
not eliminate the effects due to electromagnetic induction. Electro-
static effects, however, cannot b.e eliminated in this manner. The
relative advantages of the star and delta systems of connection for
transformers have been the subject of much discussion. The great
advantage claimed for the delta system is that the line may be run
with one wire grounded, which is not possible on the star system,
where the neutral is earthed. There is very good reason for using
independently driven exciters, particularly on water-power plants,
where good speed regulation of the water-wheels is difficult to obtain.
If the exciter is direct-connected, then any variation in speed on the
main generator will vary the exciter voltage, so that the voltage on
the generator will be varied to a much greater extent than the
variation in speed, whereas, if the exciter is independently driven
at a constant speed, the voltage variation on the main generator will
only be that due to its own speed variation. It has been clearly
demonstrated that in order to protect thoroughly the windings of high-
voltage apparatus from static discharges a choke coil of high self-
induction is required, and choke coils are designed with special
reference to the apparatus which they are to protect.

Mr. S. L. PEARCE : The question of the capital costs of these water- Mr. Pearce.
power schemes is one that should not be lost sight of. On page 437 the
authors have given us a few figures relating to this point. In connection

VOL. 44. 30
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Mr. Pearce. with the stations at Niagara, the cost is given at from ^20 to £30 per
kilowatt, including the transmission line. I should like to know the
approximate length of that transmission line. In making a comparison
between the capital costs of a water-power station such as those at
Niagara and a modern steam-turbine station, allowing ^10 per kilowatt
for distribution, it appears the steam station would still have a substantial
advantage. One is rather strengthened in this belief by the views
expressed some four years ago when our international friends came
here, and appeared to be immensely struck by our somewhat low
capital expenditure on large turbine stations. When one remembers
what an important bearing the question of capital costs has on supply
rates, one is further strengthened in the belief that these water-power
stations have not after all such a very great advantage in comparison
with steam-turbine plants. As far as I know, the average rate for
power supplies in the States is certainly in excess of that at which
electrical energy can be procured in England. Dr. Marchant touched
very briefly on the possibility of applying a large overhead transmission
system to this country, particularly to this district, and previous speakers
have drawn attention to the fact that there is no Board of Trade in
America. Admittedly, the question of wayleaves plays a very im-
portant part, and no doubt there are engineers in this room who have
at some time considered the question of an overhead transmission line
as an addition or extension to their existing underground system, and
know the practical difficulties. In the case of Manchester, some two or
three years ago we considered the advisability of dealing with the
supply to some of our outlying districts, such as Denton, Droylsden,
and Audenshaw, by means of an overhead line, and on going into the
matter we found that we could only expect to save at most 20 per cent,
as compared with an underground system. Moreover, restrictions
were laid down that certain roads would not be allowed to be crossed
overhead, and by the time these difficulties had been met, there was
practically little saving to be effected. Even in America I believe that
some engineers, for the sake of .perfect reliability and to avoid risk of
failure, would hesitate to tack an overhead line on to a system which
has already 75 to 80 per cent, underground to commence with. In
considering the older portion of the underground system, one has to
take into account whether protective devices on the overhead line are
a sufficient guarantee to secure immunity from trouble through excess
pressure on the underground work. I believe there are quite a number
of examples where engineers prefer to keep to an underground system
throughout, and would pay more to have an absolutely reliable system.
I am not arguing against overhead lines per se, but only questioning the
advisability of tacking such lines on to an existing underground system
where the maximum saying might not be more than 20 per cent.

On page 432 the authors refer to the great aversion that exists to
using 25 periods for lighting. That is a little surprising, because I
believe this has been done, and is done successfully in this country at
the present time. I believe the proposals under the London County
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Council Power Bill of 1907 contemplated 25 periods, and that included Mr- Pearce.
lighting and power. The question of delta-delta connections for trans-
formers is also interesting. There is no doubt that the advantages lie
with delta connections, at any rate for power work. The reasons are
very clearly set forth in this paper, and have been dealt with at con-
siderable length in previous papers, the main point being one of
reliability of supply. If the consumer wants lighting as well, there is
an arrangment (which I think is due to Mr. Peck), viz., the introduction
of interconnected star-balancing coils for giving the neutral-point for
lighting purposes. In connection with the low-tension distribution, it
seems to me that these coils can be used with some advantage,
especially as regards saving in capital expenditure, to supply under-
takings, because instead of distributing four wires one can drop out the
fourth wire altogether and simply use these balancing coils on con-
sumers' premises where the neutral-point is required.

Professor A. SCHWARTZ : There are several points on which I should Professor
like to ask questions, but I will confine myself to the line construction :
First, on page 429, where a formula is given for the electric strength of
air, I presume that this formula is based on experiments made on
cylinders. In this connection it is interesting to note that Professor
Kowalski, of Geneva, has recently experimented with spheres of
30 cms. diameter, and found that the electric strength of air
is as low as 28 kilovolts per centimetre. The authors state that the
presence of water vapour in the air affects the electric stress allowable.
At the School of Technology we made some experiments in the high-
tension laboratory a little while back, in which we discharged steam
through a pipe on to a wire carrying a pressure of 100,000 volts, and we
were surprised to find that the steam was deflected very strongly away
from the wire. I should like to ask the authors whether possibly the
immediate neighbourhood of the wire is not the driest point in the
district at the time.

On page 443, with regard to insulator construction, porcelain has
very different strengths in tension and compression. Some time ago
we made experiments on some specimens which were kindly furnished
by Messrs. Taylor and Tunnicliffe, on test-pieces in vitreous high-
tension porcelain made up with expanded ends like cement briquettes.
We found that in tension their strength ranged from 3,136 lbs. per square
inch for a rectangular test-piece, with a section of 0*2 sq. in., down to
about 2,000 lbs. per square inch for a rectangular test-piece with a cross-
sectional area of about o-6 sq. in. The reason that the tensile strength
diminishes with the larger size test-pieces appears to be due to the fact
that in firing the porcelain the action of the heat has not been so great
at the centre of the cylinder as it has on the outside, and consequently
with the large test-pieces the porcelain is not quite so vitreous in the
interior of the mass as is the case with the smaller test-pieces. I find
the same effect with cylinders tested in compression: with cylinders
2 in. long and 2 in. in diameter, the breaking-load per square inch was
about 10,000 lbs.; for 1 in. diameter test-pieces it rose to 40,000 lbs.,



458 MARCHANT AND WATSON : ELECTRICAL [Nov. 30th,

Professor and for T
7
F in. diameter it rose to 52,600 lbs. Considering that such a

owar z. greaj; difference exists between the strength of poreelain in tension and
in compression, we ought, I think, to design our insulators so that the
porcelain is in compression at the point of support.

If you turn to the illustrations, you will find that Fig. 17 gives us
the Locke pattern suspension insulator, in which the porcelain is in ten-
sion, whereas Fig. 18 gives us the General Electric suspension insulator
in which the porcelain is in compression. In the latter type of insulator
the support is formed by two wire cables interlinked with one another,
with the porcelain between them in compression. Porcelain is com-
paratively trustworthy when in compression, but when in tension it is
not trustworthy unless very special precautions are taken to ensure that
the bearing surface of the supports is not localised. The specimens
which were made for us were, as I have said, shaped like a cement
briquette, but in spite of the ends being lapped with paper to secure
even bedding, a large number of them broke at the grips, and they broke
with a characteristic bulbous fracture, the apex of the bulb being at a
point where the pressure had been localised. Will the authors give us
some more information about the cementing materials which are used
for these insulators? As far as I am aware, glycerine and litharge,
sulphur, Portland cement, and white metal have all been used for
cementing materials, and it seems that the best form of cement to
use is one which, like white metal, is unaffected by the weather con-
ditions. Sulphur is a very objectionable material as sulphuric acid is
produced.

With regard to the long spans, the great advantage seems to be that
there are fewer wayleaves to negotiate, and fewer insulators to pro-
vide and maintain. I should be glad of some information as to the
cost of upkeep for inspection and cleaning of the insulators, and
whether the suspension type of insulator is more difficult to clean
than the pin type. The authors have not given us any information
as to the factor of safety for the line construction; they tell us it
is not infrequent for lines to be shut down in winter-time, and
I should like to know whether this is due to the ice troubles which have
been mentioned by Mr. Peck, or whether it is due to the breakage of
the overhead line from the accumulations of ice and snow. Overhead
wires in this country suffer from the accumulations of ice and snow,
and we sometimes find in this city that we are isolated from the rest of
the country because of the telephone wires being down; it is not
necessary that this should be so, and I would instance the case of the
Kander power house on the Burgdorf-Thun Railway, the overhead
lines from which I have seen in satisfactory operation with the thermo-
meter 200 below zero Fahrenheit, and a fall of 3 or 4 ft. of snow.

Mr. Walker. Mr. M. WALKER : I should like to raise two questions : (1) Do the
authors believe, from what they have seen in America, that it is pos-
sible to construct a transmission line which would be practically
free from breakdown ? (2) Does the good operation of the American
lines in damp weather go to show that we coujd work at 50,000 or
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100,000 volts in this country with its humid climate ? If these ques- Mr- Walker,
tions could be answered in the affirmative then we might perhaps have
long-distance transmission in this country from the coal-fields to large
towns, for on a sufficiently large scale it appears more efficient to
transmit electricity than coal.

Consider a line in triplicate consisting of 9 aluminium wires each
1 in. in diameter as a means of transmitting 100,000 k.w. to London
from coal-fields 100 miles away. The wires being of large radius
might work well at 100,000 volts, but we will take 75,000 volts. The
drop would be 5,000 volts or 7 per cent. The weight of the aluminium
would be less than 2,000 tons, and the cost at present prices less than
£140,000. If we allow a capital expenditure of £3,000 per mile for
poles and wayleaves, etc., the total cost of the line would be £440,000,
or, say, £44,000 per annum. Now, consider the saving in cost of coal.
At the pit's mouth it is possible to generate electricity at a cost for coal
of only o'id. per unit if the demand is very great and the load factor
as high as 33 per cent. Under the same conditions in London it is not
likely that the coal will ever cost less than o^d:, that is to say, the
efficiency of transmission of coal is not greater than 50 per cent. Now,
100,000 k.w. with a load factor of 33 per cent, means 2-8 X io8 units
per annum, and with a saving of o'id. per unit we have a total saving
of £120,000 per annum without counting the other obvious advantages.
But of course this is not possible unless we can give continuity of
supply and can work with safety in this country at such high voltage.

Mr. C. H. K. CHAMEN : In transmission practice my experience has Mr.
only been with 10,000 volts, and the requirements of this country are
not likely to approach the conditions mentioned in the paper. One
hundred and sixty miles of transmission line and voltages up to 160,000
will never be wanted in this country, as generating centres will be
closer together, and not having the water-power that is at the disposal
of the countries mentioned in the paper we shall therefore always look
to coal for our source of supply. Upon the subject of overhead lines,
it has now become an established fact that overhead lines at 10,000 or
20,000 volts worked very satisfactorily, and I think that no mains-men
who have worked both overhead and underground systems will disagree
with me when I say that it is not the overhead system which gives
them the greatest anxiety or that costs them the most money in main-
tenance. It is obvious that an overhead line is very easily repaired
if trouble occurs to it.

With regard to the question of lightning troubles, while noticing
that the authors say that there is less likelihood of these troubles on
high-voltage lines than on low-voltage lines because of the high insula-
tion, they still speak as though they considered that protection against
lightning was necessary even on these high-voltage lines. I have
known 10,000-volt lines, without any protection against lightning or
any line protection whatever, except spark-gap and carbon-rod
devices at the power station, to live through the worst thunder-
storms which I have experienced in this country, which did damage
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Mr. in the close vicinity of the lines under my charge at that t ime, but none
iamen. whatever to the lines themselves. I feel assured that in add ing light-

n ing arresters to a line one is only asking for trouble, as having by this
means invited the l ightning to come into the line on its, path to ear th
we shall probably find that there is not sufficient path for the l ightning
through the devices which have brought it into the system. As regards
the question of an earth wire being run over the top of the high-tension
lines, this is, of course, the very reverse of a l ightning arrester, but
even in the use of this it would appear to me that trouble is more
or less asked for, as l ightning will assuredly use this line on its pa th to
earth, and even if it finds the path of sufficient capaci ty it may still
induce a high potential to earth on the line itself in so doing. At any
rate, I have to say from my own small experience, and from what I
have heard from other mains-men working on 10,000-volt lines in this
country, that I am of opinion that l ightning arresters are not only of no
use, but a distinct danger to the line.

Dr. Dr. E. R O S E N B E R G : T h e authors mention the use of asynchronous
Rosenberg, generators , but the advantages of this type of generator are very often

over-estimated. I t is generally assumed that the induction genera tor
can be th rown straight on to the line without synchronis ing. This
may be r ight for very small machines , but with machines of any appre-
ciable output great precaut ions must be taken in order to avoid the
dangerous rushes of cur ren t which otherwise would occur. This is
already true of induct ion genera tors of a few hundred horse-power.
Readers who will refer to Mr. Rider 's paper on the London County
Council t ramway system will find tha t in case of 500-k.w. motor-
genera tors the machines are brought up to synchronous speed from
the direct -current side, and a stroboscopic device is used to ascer-
tain the exact synchronous speed before switching the induction motor
on to the line. Even then a rush of current occurs, just the same as
when connect ing a t ransformer suddenly to full voltage, and in order
to reduce too heavy rushes choking coils are temporari ly inserted. I
would ask the authors whether , with the exception of the small asyn-
chronous exciter motor generator turbine sets ment ioned under ( / ) ,
they found examples of induct ion genera tors in the stations visited
by them, and what size they were .

Mr- Mr. G. W. WORRALL : I recently had the opportunity of visiting
some of the hydro-electic power stations on the Continent, and it has
given me great pleasure to hear what is being done in the United
States. During my visit I was very much impressed by the design of
the switchgear and the precautions taken to ensure continuity between
the generators and the line. The control of the oil switches was in all
cases electrical, and generally operated from some form of desk switch-
board from which the attendant could see the machine he was
synchronising. I saw the operation of synchronising carried out on
several occasions, and do not think that the pneumatic control could
be any more certain or quick in action. The latter has, however, the
advantage of perfect insulation, which perhaps is necessary when the



1909.] ENERGY ON OVERHEAD LINES: DISCUSSION. 461

voltage exceeds 100,000. I am surprised to hear that the water-jet Mr.
arrester is not employed in the U.S.A., for in almost every station
I visited it was in continual use. The power absorbed by one jet is
only about 5 k.w., which is quite a small item in the total power
of a large station, and is a small price to pay for the safety it
ensures.

The danger of the water turbines racing when the load is variable
has been overcome in several cases by the use of artificial liquid loads,
which are automatically regulated to maintain the total load constant.
The most interesting case of this kind is at the Simplon Tunnel Power -
Station, where the power must always be available, while the load varies
from zero to full as the trains pass through the tunnel. Two examples
of the Thury system of direct-current transmission were included in
my visits, and in both cases an additional generator was put in circuit
in my presence. This operation consists merely of bringing the
generator up to such a speed that it generates the full-load current
on short circuit, and then opening the short-circuiting switch ; the
regulation of the other generators is quite automatic. The simplicity
of this operation and the absence of all complicated and costly switch-
gear are greatly in favour of the adoption of the Thury system, and
when it is remembered that according to modern ideas the continuity
of supply is mainly dependent on the switch-room, the Thury series
system should be at least as reliable as alternating current with parallel
operation.

Mr. A. P. M. FLEMING : With reference to the choice between star Mr .
and delta systems, a point has been raised in the discussion in regard
to the use of an inter-connected star balancer on delta lighting
systems, where it is desirable to obtain a neutral-point for lighting
voltages. I would point out a further use for this apparatus, and its
influence on the choice of star or delta connections for step-down
transformers supplying mixed power and lighting loads. A 3-phase
transformer combination is cheapest and most efficient when connected
in star on both high- and low-tension sides, but for balanced lighting
on the low tension between outers and neutral it is necessary to bring
the neutral back from the lighting distribution to the star-point of the
transformer, and also to connect the neutral-point of the high-tension
side to that at the generator end, in order to avoid unbalanced ampere-
turns on the different phases of the transformer and consequent
unbalancing of voltage. When the inter-connected star balancer is
used, the neutral connection on the high-tension side is unnecessary, and
it can also be dispensed with on the low-tension side between the main
transformer and the balancer. A similar economy as regards cost and
efficiency of main transformer is obtained when the latter is connected
in star on the high-tension and delta on the low-tension side, and in
this case the balancer provides the neutral-point for the lighting
voltage.

In regard to line construction, the voltages heretofore employed
in this country have not been high enough to demand serious con-
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Mr. s iderat ion of the relative meri ts of the pin-supported and suspension
em ng. types of insulator. T h e authors state that the prevail ing pract ice in

America is to use the pin-supported insulator for voltages up to about
60,000, and I should like to have their opinion as to whether the
suspension type could not be economical ly employed for much lower
voltages. F r o m an electrical point of view the maximum voltage for
which the pin type of insulator is suitable is limited by the intensity of
stress in the comparat ively small thickness of porcelain be tween line
and ground , i.e., pin-head, since for voltages of the order of 60,000
a metal pin is necessary for the reasons given in the paper . T h e
thickness of material above the pin-head can be m a d e ample for low
voltages, but cannot be safely increased in propor t ion to the voltage,
as the stability of the suppor t is weakened, and difficulties are met
with in the manufacture of the porcelain. This steep potential gradient
be tween line and pin-head, in addit ion to stressing the material at its
thinnest section, tends to p roduce a discharge over the outer surface
of the insulator, which may cause a flashover from line to pin, and also
tends to produce heat ing around the pin-head unless the fit in the
porcelain is very good. T h e contour of the pett icoats of the insulator
can be so des igned as to reduce to a min imum the tendency to flash

. • over, but the insulator becomes, a complicated affair, and requires to be
built up in several par ts cemented together , and a material having
a very doubtful insulation value at high voltages at the point where the
stress is greatest is in t roduced. In the case of the suspension type of
insulator the ent ire stress be tween line and ground is more or less
equally divided over a n u m b e r of separate units, ample surface insula-
tion can be provided without undue increase in weight or complexity
of design, and if one unit is mechanical ly damaged the insulation
value of the ent i re insulator is not destroyed, also a greater factor
of safety can be obta ined without much increase in cost. I should be
glad if the authors could give some compar ison in cost of insulators
and mount ing for both types for, say, a 60,000-volt line, and express an
opinion as to the lowest voltage at which the suspension type may
be economical ly used.

Mr. Mr. A. B, M A L L I N S O N : One of the weakest par ts of an overhead
Mallinson. . . ,. , , . ,. , . ,. . . . . . . .

transmission line as at present installed in this country is in the neigh-
bourhood of the guard nets required where crossing public roads, etc.
I should gather from the author's paper that in the general American
practice they are little, if ever, used. That seems to me a step in the
right direction, in that it simplifies the system. If the line is well
designed and carefully erected, there is little or no reason why break-
ages should occur ; but the addition of a number of guard nets must
sooner or later cause interruptions of supply from short-circuits caused
by broken guard nets. The precautions taken to guard against water
hammer, already alluded to by Mr. Miller, are of great interest. In
pumping by turbine high-lift pumps to considerable heads, say, 500 to
1,000 ft., very much the same conditions are found, and I have seen
some disastrous results occur due to the failure of power to the motor
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when pumping. It is now common practice to fit relief valves at the Mr.
, , , , , . , . . r , . . . , . . , • , Mallinson.

bottom of the pipe-line to safeguard this, but in some recent instances
I have seen relief valves fitted not only at the bottom, but along the
pipe-line, especially if there are any bends in it.

Mr. G. HARLOW : In high-tension transmission schemes the high- Mr. Hariow.
tension switchgear forms a considerable item in the cost of the
scheme, both with regard to the gear itself and the additional room
required in the generating stations and sub-stations for its accommo-
dation. Recently in a great many schemes it has been proposed to do
away altogether with high-tension switchgear, and to carry out all
switching on the low-tension side of the transformers. In these days,
when transformers can be built at a comparatively small increase in
cost to withstand any desirable insulation tests, it would seem that the
above operating conditions have a great chance of being successfully
introduced, and I note that within the last two years such a scheme
has been put into operation at the Grand Rapids, Michigan. This
scheme is fully described in the Western Electrician, of October 3, 1908,
and operates at 110,000 volts, 30 periods, has a capacity of 11,250 kilo-
volt-amperes, and is 50 miles in length. At the time of the above
article the system had been in service only ten weeks, and I should
like to ask Professor Marchant and Mr. Watson if they had an oppor-
tunity of inspecting this installation,.and as to its reliability during the
past fifteen months. I understand the transmission line is not equipped
in any way with protective gear, either in the form of lightning
arresters or a ground wire, and is reported to have withstood without
the least damage extremely severe atmospheric conditions.

With regard to Professor Marchant's statement that the advantage
of the delta connection is not practically important, it is found that
60,000 volts working with the insulators installed are rarely large
enough to withstand the full-line pressure, and if one of the phases
break down the line is put out of service for the time being. It would
seem that this weakness of the line insulators is radically wrong, in
that it does away with the great advantage claimed for systems
operating with unearthed neutrals.

Mr. S. J. WATSON : I note that the system devised by Thury of Mr.
transmitting by means, of high-tension continuous current with con-
stant current through the line and a variable pressure does not appear
to have been tried in America. Where a number of comparatively
small power stations are run in parallel on long transmission lines
better results would have been obtained with such a system, and as the
cost of insulating the overhead lines depends on the maximum voltage
it is obvious that the cost of the line would be considerably less for
direct current than for alternating current. At the same time it. is of
interest to find that the Americans appreciate one of the features of
the Thury system, for the present practice appears to be to construct
a line for a very high pressure, and to commence supplying at any
convenient lower pressure, then as the connectionsto the line increase
the pressure is also increased from time to time up to the limit—that is
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Mr. to say, they endeavour as far as possible to work with a constant
a son- current and constant transmission losses.

In connection with the remarks re long-distance transmission from
collieries, I do not think there are likely to be many schemes of that
kind in this country, principally because the total power requirements
of industrial centres is so large. In the manufacturing towns of Lan-
cashire, Yorkshire, and the north-east coast the power consumption is
from i to i H.P . per inhabitant. Manchester, with a population of
700,000, has probably a possible demand of upwards of half a million
horse-power, and I do not think it would pay to generate that amount,
say, in the Wigan district and transmit to this city. The capital cost
would be so great on the transmission lines that I feel sure it would be
cheaper to bring the fuel and have the power station nearer the centre
of the population. I wish the authors had given us some idea in
regard to the cost of coal on the Pacific Slope, from which district
many of their examples are drawn. W e should then have been in a
better position to make a comparison between a steam station, with its
comparatively small capital cost, and the water-power schemes, where
so much has to be spent in constructing reservoirs and flumes for the
storage and conveyance of the water. The authors mention the cost
of land as £60 per mile of line. Does this include the cost of land for
the power station, or is it only the- cost of land required for the poles
and purchased outr ight as distinct from an annual rental for the land
occupied by the poles ?

I find that the transmission capacity of some of the very high-
voltage lines mentioned appears to be from 10,000 k.w. to 20,000 k.w.
This seems a very large load to depend on one set of lines. T h e Board
of Trade in this country deprecate anything over 1,000 k.w. for under-
ground work. After seeing the photographs showing the ar rangement
of overhead wires, one is hardly surprised to hear that entire districts
are occasionally shut down. Such a condition of affairs would not be
tolerated in this country where continuity in the supply is considered
of the first importance. T h e interconnect ing of power stations is of
in te res t ; it appears that American engineers more fully appreciate the
advantages of doing so than we do, as instances are given in the paper
of interconnecting such small plants as 100 k.w.

Mr. Lee. Mr. F . V. T. LEE- {communicated): T h e terms " induction " and
" inductor " generator have been used more or less indiscriminately in
this country and elsewhere without proper distinction. I assume that
the authors refer not to what we call the " i n d u c t o r " machine in which
the field structure revolves within a stationary magnetising coil or field
winding, nor to what is known as the " no-moving-wire" machine, a
number of which we have on the system, but that the apparatus they
refer to is the induction motor which has the characteristic of becoming
an induction generator when provided with a magnetising current and
driven above synchronous speed, and it is to this latter type of machine
that I refer. W e have quite a large number of these machines on our
system, and use them, in fact, in all our large power houses—viz.,
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de Sabla, Centerville, Colgate, Deer Creek, and Electra. You will Mr. Lee.
appreciate that these are not used as induction generators for their
value as energy producers, but merely for the purpose of taking
advantage of their characteristics in governing the exciter water-
wheels.

The history of the introduction of these units has never been
definitely published. About 1898 or 1899 (the exact date I am not
able to give at the present time) in the installation of hydro-electric
plants a great deal of difficulty was experienced in obtaining a satis-
factory water-wheel governor for the purpose of obtaining regulation
to admit of parallel operation. A great many governors were tried,
and eventually the Lombard governor and governors of similar
character were adopted for the generators. However, they were at
that time (the plants being small) considered too expensive for the
exciter sets which were then, as now, almost entirely water-wheel
driven, being the successors to the belted exciter with its inherent
difficulties: that is, when the generator tended to slow down owing
to a sudden load coming on the belted exciter slowed down also, with
the result that at the time an increased field was needed, the field was
actually weakened. This had led to the installation of water-wheel
driven exciters. With the water-wheel driven exciter, however, the
cost of a good governor seemed prohibitive, and the ordinary induction
motor-driven exciter, through the poor speed regulation of the induc-
tion motors then commercially obtainable, was almost if not quite as
bad as the belted unit, about the only difference being that there was
no exciter belt to break. Another difficulty that was experienced, par-
ticularly in the high head plants, was that owing to the smallness of
the nozzle on the exciter wheel it was very readily choked up by twigs
and other small articles, with the result that the plants not infrequently
shut down from that cause. In the East at Niagara the difficulty of
regulation was lessened by placing an artificial load in the form of a
resistance in the shunt with the generator fields. The exciter wheel
was then run at constant load, which was divided between the resist-
ance and the generator fields as conditions required. A constant load,
however, was kept on the water-wheel at all times. Another plan con-
sidered out here by the late Mr. Theodore E. Theberath, member of
the American Institution of Electrical Engineers, was the substitution
of a batterj' for a resistance so that the exciter and its wheel was con-
tinuously operated at full load, and in case of exciter water-wheel
trouble the generators were carried on the battery. The installation
of batteries, however, was considered too expensive in small plants,
and their subsequent maintenance and repair called for considerable
labour and special materials, electrolyte, etc., which were not always
available at the small power plants in the mountains. Theberath and
myself, therefore, in order to do away with the induction motor,
developed a scheme using a synchronous motor, water-wheel, and
exciter coupled together on the one shaft, and operating the other
water-wheel at full load at all times. The difficulty with this, however,
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Mr. Lee. was due to the fact that if for any reason there was trouble with the
water-wheel the synchronous motor fell out of step, and it would be
difficult to start it again. A special design of synchronous motor was
then got up that would have some of the self-starting characteristics
of the induction motor, but the set was never built, since about this
time Steinmetz's paper on the induction generator was published, and
Theberath immediately recognised that this machine had the charac-
teristics of that we were looking for. A set was installed, and the
results obtained were so good that they have been used ever since on
this system, and in fact the Theberath exciter set will be found in use
on most systems in the West.

Mr. L. M. Hancock, associated with this company about the same
time, also did some work along the same lines as Mr. Theberath. As
far as I know, these sets have not been used very much in the East
or in Europe, but I think anybody who will consider the matter will
appreciate that they are ideal and give a guarantee of operation that
cannot be obtained otherwise. I have extended this idea in connection
with turbine stations, and I propose to put down in our steam turbine
station when it is enlarged a small steam turbine direct coupled to an
exciter with an induction motor on the same shaft. This will then
operate exactly as' do the water-wheel sets, and will eliminate the
governor troubles that have been apparent with steam turbines in
small sizes due to the smallness and delicacy of the parts involved.

KSJt Professor E. W. MARCHANT and Mr. E. A. WATSON {in reply): The
and Mr. figures given by Mr. Miller for capital cost are much lower than for

most American stations. Professor Janet's figure of ^4"28 per horse-
power can hardly refer to the total cost of a hydro-electric station, as
it would not cover the cost of the electrical machinery alone, except
in very large sets. The cost of £T6 per kilowatt for the line at the
Westerwick power station is. remarkably low ; it corresponds with a
total expenditure of £280 per mile of line including, we presume, poles,
insulators, and copper.

The method of jointing pipes was not observed at all the stations
visited, but the spigot and socket joint was the most common. Very
little trouble appeared to have occurred from leaking pipes. At Island
Bar the pipe is protected by relief valves, and the surge-pipe serves to
prevent inertia effects due to the large mass of moving water in the
tunnel. Both forms of protection are used, as stated in the paper.
The air compressor for protecting the pipe-line was not at all common ;
with proper precautions for maintaining air in the cylinder it woujjd
appear to be an excellent protective device. No reinforced concrete
poles were seen; the prices given by Mr. Miller for the 900-ft. span
tower are much higher than those given for these towers by American
engineers. Possibly the high price is due to the massive construction
adopted. All steel towers that we saw were built up from channel and
angle iron of standard section well braced together. Hobart's figure
for wooden poles is ^144 per mile of line, and he gives as the price of
steel towers for a 500-ft. span -£12 to ^40 per tower, a figure much
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more in accordance with those given to us by American engineers Professor
than the £117 per tower for a 400-ft. span given by Mr. Miller. andM?0*"

Mr. Peck has mentioned the recent developments in the Southern Watson.
States. These are not referred to in the paper, as those States were
not visited. There is a very large and most interesting distribution
system at Los Angeles which differs from nearly all the others on the
Pacific Coast in that a frequency of 50 cycles is employed. T h e pneu-
matic switch certainly appeared to us to be more rapid in action than
the ordinary electromagnetic switch, and this was stated to be the
case by the engineers in charge.

Electrolytic arresters are now almost universal, and we found the
common practice was to charge them every other day. Wi th regard
to telephone interference complete neutralisation of induction is pro-
duced by transposing the transmission wires if the length of the line
corresponds with a complete number of revolutions of any one wire
of the line ; if the telephone wire is transposed twice as often as the
transmission line the electromagnetic induction is neutralised not only
on the whole line but on each section between two transposing towers.

Delta connection is more common than star and was stated to be
the most satisfactory. In spite of this, star would seem to be the best
arrangement on general grounds. Breakdowns were usually caused
by ice and snow on the transmission line ra ther than at the power
stations. The induction regulators were usually operated automati-
cally by direct-current motors. Transformer tapping regulators were
hand-operated. Professor Schwartz's account of the latest results
obtained for the dielectric strength of air is very interesting and
tends to confirm the belief that the dielectric s trength of air in bulk
is very much lower than 38 kilovolts per centimetre. T h e figures for
R given in the paper are derived from experiments made at the
University of Liverpool on the brush discharge from a wire in a
concentric tube. They are also confirmed by experiments made by
Professor H. T. Ryan at Cornell University. Professor Schwartz 's
account of his experiments on the behaviour of steam blown against
a high-tension wire is very interesting indeed. W e presume that his
wire was charged with alternating current . It appears to give a
striking illustration of the way in which the ions are shot away from
the charged wire. These ions would presumably act as nuclei on
which the steam would condense and thus be rendered visible.

Professor Schwartz's figures of the strength of porcelain are very
interesting. The porcelain in the Locke insulator, however, is not in
simple tension, and as the method of fixing it to the cap by cementing
ensures a very even distribution of stress, it gives a very strong con-
struction. T h e most usual cementing material appeared to be neat
Portland cement, which is practically the only material used in cement-
ing together the different parts of built-up insulators. The factor of
safety of these lines is not la rge: on the highest voltage ones it is
probably not greater than 2 to 2*5 for the insulators and considerably
less for brush discharge. Shut-downs frequently occur, due to the
deposit of snow and ice on the lines combined with a strong wind.
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Professor Dr. Rosenberg states that with large asynchronous generators it is
andMr."1 n.°t o n ty necessary to bring them up to speed before switching in, but
Watson. a j s o to have them in phase. This surely is incorrect, for an ordinary

squirrel-cage machine cannot be said to have any "in-phase" position
at all. He refers to the surge which would be caused by throwing
such a machine unexcited on to the circuit, but this would probably
not be any greater than if a transformer of the same size were suddenly
switched on. He refers also to the bad regulation of these machines
and the impossibility of controlling them. It is true that an asyn-
chronous machine connected to a circuit without any other machines
and excited simply by the charging current of the line would probably
not give very good results, although by suitable design the inherent
regulation could, for non-inductive loads, be made equal to that of an
ordinary shunt dynamo. If, however, it is steadied by synchronous
machines connected to the network it becomes quite a satisfactory
piece of apparatus. If the driving turbine is not provided with a
governor it will simply give a constant output to the circuit, running
always at a speed above synchronism equivalent to the full-load slip,
while the voltage of the system will be controlled by that of the
synchronous machines. We did not actually see any asynchronous
machines acting as generators pure and simple, but we saw quite
a number of the asynchronous exciter sets which are mentioned in
Mr. Lee's contribution. We also understand that the Interborough
Rapid Transit Company, of New York, have installed a 5,000-k.w.
machine of this type.

Mr. Pearce has referred to the question of capital costs. In most
hydro-electric stations these are considerably higher than in steam
turbine stations. The cost of prime mover, dynamo, transformers,
and switchgear will be rather greater for the steam plant than it is
for the hydraulic ones. In considering the relative capital costs the
expenditure on hydraulic works, pipe-line, etc., must be set against
the cost of boilers. In almost every case the hydraulic work is much
more expensive, though it is conceivable that with particularly favour-
able conditions and large powers the hydraulic station might be the
cheaper of the two. The cost per kilowatt of the new Winnipeg
station will, it is estimated, be very little in excess of the cost of the
most modern steam turbine station. For the case quoted in the paper
the length of transmission line was about 50 miles. The cost of elec-
trical energy per B.T.U. is usually higher in America than in England,
though the charge for power purposes at Niagara was only £2 per
horse-power-year. Underground systems are never met with outside
the large towns, so that the extension of an underground cable system
by an overhead line is a case which has not received any consideration.
We agree that 25 cycles is a much more satisfactory frequency for
general purposes than 60 cycles. We were greatly interested in Mr.
Walker's most valuable contribution to the discussion ; shut-downs do
occur, and occur quite frequently, due to the overhead line, but the
number that would occur if any underground system were laid down
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as rapidly as the overhead system has been is difficult to imagine. Professor
The climate of San Francisco is very foggy during the summer and andr<Mr.nt

autumn, and some trouble has been caused by damp on the insulators, watson.
but the difficulties have not been at all serious. The question of long-
distance distribution is, we believe, largely a matter of wayleaves, and
we hope that more members who have had experience in this con-
nection in England will give the cost they have incurred from this
cause.

Mr. Chamen refers to protection against lightning. The overhead
earthed wire not only tends to protect the line from direct lightning
stroke, but also screens it from the effects due to electrostatic induc-
tion. Lightning seems to cause much less trouble at 100,000 volts
than on transmission lines working at 20,000 or 30,000 volts. There
was considerable lack of confidence among station engineers in any
form of lightning arrester as a protection against direct lightning
stroke. In reply to Mr. Worrall, we can only give the practice in
America. The water-jet arresters, unless the water is not very clean,
appears to give quite ineffective protection against lightning, although
in the case of a system running entirely insulated from earth without
any grounded point they may serve to prevent the accumulation of
any static charge on the line or apparatus.

Mr. Fleming refers to the limit of pressure above which suspension
insulators should be used. It is quite likely that it may be found good
practice to have suspension-type insulators for lower voltages than
that for which they have hitherto been employed. The suspension
insulator is a comparatively new device, and it has therefore not been
fitted on any of the 20,000- or 30,000-volt plants. Mr. Mallinson asks
whether guard nets are required in America. They are only employed
where a line crosses a very busy road, and are the exception rather
than the rule. The requirement of guard nets in this country where
a transmission line crosses a little used footpath in a remote mountain
district seems somewhat unreasonable. In reply to Mr. Harlow, there
are very few cases where the transformers are tied straight through.
High-tension switching is the rule, and is absolutely necessary where
duplicate lines are installed. The 110,000-volt plant of the Ontario
Power Company is not yet installed although the plans have been
prepared.

The Chairman refers to the question of long-distance transmission.
This is really a question of the relative cost of carrying coal and elec-
trical energy. Mr. Walker has pointed out in the discussion that the
efficiencies of the two methods of transmission are quite different and
very much in favour of electricity. The cost of land for the trans-
mission line was not merely the cost of the patch of land on which the
pole stood, but of all the land under the line for such a width as was
considered necessary to ensure sufficient protection against falling
wires. The chief fuel used on the Pacific Coast, both on the railways
and in the power stations, was Californian oil.


